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Aims: Impaired detrusor contractility is common in older adults. One aspect, detrusor contraction
strength during voiding, can be measured by the isovolumetric detrusor pressure attained if flow is
interrupted mechanically (a stop test). Because interruption is awkward in practice, however, simple
indices or nomograms based on measurements made during uninterrupted voiding are an appealing
alternative. We investigated whether such methods, originally developed for males, might be applic-
able in female subjects, and attempted to identify a single best method. Methods: We compared
stop-test isovolumetric pressures with estimates based on pressure-flow studies in a group of elderly
women suffering from urge incontinence. Measurements were made pre- and post-treatment with
placebo or oxybutynin, allowing investigation of test—retest reliability and responsiveness to small
changes of contractility. Results: Existing methods of estimating detrusor contraction strength
from pressure-flow studies, including the Schafer contractility nomogram and the projected isovolu-
metric pressure PIP, greatly overestimate the isovolumetric pressure in these female patients. A sim-
ple modification provides a more reliable estimate, PIP;, equal to pgec.Qmax + Qumax (With pressure in
emH,0 and Q4 in ml/sec). Typically PIP; ranges from 30 to 75 cmH,O in this population of
elderly urge-incontinent women. PIP;, however, is less responsive to a small change in contraction
strength than the isovolumetric pressure measured by mechanical interruption. Conclusions: The
parameter PIP; is simple to calculate from a standard pressure-flow study and may be useful for
clinical assessment of detrusor contraction strength in older females. For research, however, a
mechanical stop test still remains the most reliable and responsive method. The Schéfer contractility
nomogram and related parameters such as DECO and BCI are not suitable for use in older women.
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INTRODUCTION

Among older people with lower urinary tract symptoms,
impaired detrusor contractility plays an important pathologi-
cal role [Resnick and Yalla, 1987; Resnick, 1988; Malone-Lee
and Wahedna, 1993; Pagala et al., 2001]. Detrusor contractility
has two aspects: the strength of the detrusor contraction; and
whether the contraction is sustained [Griffiths and Van Mas-
trigt, 1985; Griffiths, 1991]. The contraction strength is not sim-
ply identical to the detrusor pressure, because when flow is
occurring some of the strength of the contraction is used to
generate the flow, and the pressure is lower than it would
otherwise be. Because many different methods have been pro-
posed to estimate the contraction strength the situation is
quite confusing [Tan et al., 2002]. The isovolumetric pressure
attained when flow is interrupted (the stop test) provides in
theory a good estimate of contraction strength. In previous
papers [Tan et al, 2002, 2003] we showed that, in older
women, just as in men [Coolsaet, 1984; Sullivan et al., 1995],
either mechanical interruption of voiding or continuous oc-
clusion of the outlet during attempted voiding gave reliable
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results, while interruption of flow by voluntary contraction
of the urethral sphincter was less reliable [Morita et al., 1984].

Mechanical interruption of flow, or continuous occlusion
with a balloon catheter, interferes with voiding, is awkward
to perform, may induce discomfort [Sullivan et al., 1995], and
may even inhibit the patient from voiding altogether. In men,
occlusion by a penile cuff may offer an acceptable alternative
[Griffiths et al., 2002], but this is not possible in women.
Therefore, other methods of estimating detrusor contraction
strength from the values of detrusor pressure and flow rate
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measured during normal, uninterrupted voiding have been
developed. Again there is a confusing variety of methods, but
all are based on the bladder output relation (BOR), an inverse
relation between pressure and flow that is analogous to Hill’s
equation for contracting muscle [Griffiths and Van Mastrigt,
1985; Griffiths, 1991]. If the slope and curvature of the BOR are
known, the isovolumetric detrusor pressure can be estimated
by extrapolating (projecting) the actual pressure back to the
pressure axis (Fig. 1).

Schifer [1995] described a method of this type. He
simplified the BOR to a straight line with a fixed slope —K,
independent of bladder volume (as in Fig. 1). The projected iso-
volumetric detrusor pressure (PIP) is then given by:

PIP = pdet+KQ (1)

Schifer took K to be 5 cmH,O/ml sec . In clinical practice,
for a given void, PIP is evaluated at the point of maximum
flow rate.

Schifer suggested that values of PIP greater than
150 cmH,O represented strong contractions (ST); values from
100 to 150 cmH,O, normal contractions (N); values from 50 to
100 ¢mH,0O, weak contractions (W); and values below
50 cmH,O, very weak contractions (VW). By drawing the cor-
responding BORs on a pressure-flow diagram (Fig. 1) he con-
structed a contractility nomogram that allows contraction
strength to be classified in one of these four classes (later
increased to 6). This nomogram, together with corresponding
information on possible bladder outlet obstruction, provides
in principle a convenient and useful visual clinical tool for
classification of patients’ voiding function.
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Fig. 1. Schéfer’s contractility nomogram and the method of determin-
ing the projected isovolumetric detrusor pressure PIP. The maximum
flow rate Qmax and corresponding detrusor pressure Pget.qmax are
plotted and projected back to the pressure axis as shown. In this case
the value of PIP is about 130 cmH,0, in the band labeled N, meaning
that according to the nomogram this contraction has normal strength.
Note: VW, very weak; W, weak, and S, strong.
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Since 100 cmH,O is a normal value for PIP, the ratio PIP/
(100 cmH,0) is a dimensionless coefficient for which values
greater than 1 represent normal or ST, and values less than
one, weaker contractions. Schifer called this ratio detrusor
coefficient (DECO). DECO (expressed as a percentage) is
numerically equal to PIP (in ¢cmH,O). Later, Abrams
described the bladder contractility index (BCI) [Abrams,
1999], which is essentially identical to DECO.

PIP (or DECO or BCI) is an appealing alternative for esti-
mating contraction strength from standard pressure-flow mea-
surements, without the technical and practical limitations of
stop tests. A drawback is that it contains the constant K whose
value has been chosen mainly on the basis of measurements in
male patients. Clinical experience suggests that the projected
isovolumetric pressure PIP is usually greater than the actual
isovolumetric detrusor pressure, especially in female subjects.

The aim of this study was to investigate whether a simple
index such as PIP, calculated from a standard pressure-flow
study, can indeed take the place of a mechanical or continuous
occlusion stop test; and if possible to justify or optimize the
value of the constant K in this patient population, using as a
criterion the consistency of the estimates of isovolumetric
pressure obtained by the index and from stop tests.

METHODS

The study was based on a retrospective review of urody-
namic data in a group of elderly females suffering from urge
incontinence and enrolled in a trial of oxybutynin. The sub-
jects were community-dwelling, independent, mobile, and
cognitively intact. Detailed inclusion and exclusion criteria
have been described in another study of the same data [Miller
et al,, 2002]. Subjects were randomized to either oxybutynin
or placebo; the optimum dose was established by titration.

Comprehensive videourodynamic assessments were con-
ducted at baseline and after 8 weeks of intervention. Testing
included fluoroscopically monitored provocative medium-fill
(30 ml/min) cystometry using room-temperature Cystografin
with simultaneous monitoring of abdominal (rectal) pressure;
isovolumetric testing; and upright or seated pressure-flow
study. All methods, definitions, and units conformed to the
then current recommendations of the International Conti-
nence Society [Abrams et al., 1988].

Measurements

The isovolumetric detrusor pressure was obtained for each
subject via two types of stop test: a mechanical stop test and a
continuous occlusion test. To perform these tests, a 12 French
triple-lumen balloon catheter (Porgés AH5212) was intro-
duced into the bladder through the urethra. The balloon,
inflated to 5—10 ml, was positioned in the bladder near the
bladder neck. The second lumen was used for bladder filling,
and the third lumen for the measurement of the intravesical
pressure. For the mechanical stop test, after bladder filling
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and initiation of voiding in the supine position, flow was inter-
rupted during mid-void by gently pulling the balloon catheter
against the bladder neck. For the continuous occlusion test,
again in the supine position, after refilling the bladder the out-
let was occluded. The subjects were then asked to void
(unknowingly) against the occlusion, which was maintained
until the detrusor pressure began to decay significantly.
Typically, the mechanical stop test and the continuous occlu-
sion test give very similar results [Tan et al., 2002]. Because
inhibition of the detrusor contraction is a potential artifact,
the higher value was assumed to be the better representation
of the potential detrusor contraction strength and is used in
this paper as the reference value for comparison with other
measurements.

After recatheterizing the bladder with a 6 French twin-
lumen catheter and refilling, a pressure-flow study was re-
corded in the sitting position. Subjects were encouraged to
void without abdominal straining, and abdominal pressure
was monitored. As is usual in clinical practice, the maximum
flow rate Qu.y and the detrusor pressure at maximum flow
Pdet.Qmax Were used for further analysis.

Calculations

Using baseline data, we first compared the values of the ori-
ginal PIP (K = 5 cmH,O/ml sec 'in Eq. 1) with the reference
values of isovolumetric detrusor pressure. Because there were
substantial discrepancies (see below), indicating that the
assumed value of K was not satisfactory, we made a direct esti-
mate of the constant K for each subject, by rearranging Eq. 1
and substituting the reference isovolumetric pressure pyecisy
and the pressure-flow readings at maximum flow in it:

K= (Pdet-isv - pdet~Qmax)/QmaX (2)

This yielded a distribution of values of K. Clearly there is no
“correct” or “exact” value of K, but because the mean and the
median bracketed a convenient round number (see Results:
new parameter PIP;), we chose this round number as the typi-
cal value of K for the baseline data of all subjects. Using this
typical value in Eq. 1 we calculated a new projected isovolu-

metric pressure (PIP,) at peak flow for each subject. For the
baseline data, the values of PIP; were then compared with
those of Schifer’s original PIP and the reference isovolumetric
pressures.

In order to validate the conclusions, values of PIP; need to
be compared with the reference values of isovolumetric pres-
sure in a different data set. We used the follow-up (post-inter-
vention) data set for this purpose.

Test—retest reliability was determined by comparing base-
line and follow-up values of PIP; in the placebo group. Respon-
siveness to a small change in contractility was tested by
comparing baseline and follow-up data in the group receiving
oxybutynin, which causes a small reduction in isovolumetric
detrusor pressure [Tan et al., 2003].

Statistics

SPSS (version 10.0) was used for the statistical analysis. The
one-sample Kolmogorov—Smirnov test was used to test for
normality and confirmed that the reference isovolumetric
pressure had a non-normal distribution with positive skew-
ness. Hence non-parametric tests were used for subsequent
analyses: Spearman’s Rho (p) to analyze the strength of corre-
lation between variables; Wilcoxon’s matched-pair signed-
ranks test to determine whether two variables differed signifi-
cantly. Linear regressions were constructed for related vari-
ables. Statistical significance was taken at two-tailed P < 0.05.

RESULTS

Baseline urodynamic data for 100 females were analyzed.
The mean age of the subjects was 70.1 year (range 53—89).
Eighty-two of the subjects (mean age 69.9, range 53—89) had
follow-up data that were used for validation. Sixty two had
received oxybutynin and 20 had received placebo.

Original PIP(K = 5 cmH,0/mlsec™")

For the baseline data, the reference isovolumetric detrusor
pressure given by the stop tests had a mean and standard
deviation of 50 £25 ¢cmH,O (see Table I). The mean and

TABLE I. Comparison of the Reference Isovolumetric Pressure With the Estimates Given by PIP and PIP,, for the Baseline

Data Set (N = 100)

Reference isovolumetric PIP PIP,;
pressure (cmH,0) (K =5cmH,0/mlsec™) (K =1cmH,O/mlsec™)
Mean 50 133 49
Median 45 128 48
SD 25 45 17
5 and 95 percentiles 20/112 60/215 29/78

Mean difference (cmH,O) from reference isovolumetric pressure
(95% CI; Wilcoxon signed ranks test)

Coefficient of correlation (Spearman’s p) with reference
isovolumetric pressure

— 86 (76—96; P < 0.05) 0.2 (—51to 5; P = 0.98)

— 0.21 (P = 0.06) 0.52 (P < 0.01)
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standard deviation of PIP was 133 + 45 cmH,O. Thus PIP
greatly overestimated the isovolumetric pressure, as shown in
Figure 2. The mean difference between PIP and the reference
isovolumetric pressure was 86 cmH,O (95% CI 76—96). More-
over, there was only a weak correlation between PIP and
the reference isovolumetric pressure (Spearmans p = 0.21,
P = 0.06). A linear regression through the origin between PIP
and the reerence isovolumetric pressure showed a gradient of
2.2 (Fig. 3a), greatly different from the slope (=1) of the line of
equality.

New Parameter PIP;

The inconsistency between PIP and the observed isovolu-
metric pressures prompted us to seek a similar but more repre-
sentative parameter. For the baseline data, the mean and
median values of K given by Eq. 1 were 1.19 and 0.84 cmH,O/
ml sec”™, respectively. We therefore selected the value K =
1 emH,O/ml sec™" as typical of these subjects, and con-
structed a new parameter PIP;, using Eq. 1 with this new value
of K. The effect of using PIP; instead of PIP to calculate the
projected isovolumetric pressure is illustrated in Figure 4.
For the baseline data, PIP; was quite strongly and significantly
correlated with the reference isovolumetric pressure (p =
0.52, P < 001), and it correctly estimated its value (mean
difference = 0.2 ¢cmH,0O [95% CI —5 to 5 cmH,O]; Wil-
coxon signed-ranks test, P = 0.98); see Figure 2. A linear
regression through the origin showed a gradient of 0.85 be-
tween PIP; and the reference isovolumetric pressure (Fig. 3b),
indicating approximate equality. Table I shows a numerical
comparison of all three variables.
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Fig. 3. a: Scatter plot of original PIP against the reference isovolu-
metric pressure, for baseline data; the regression line differs greatly
from the line of equality. b: Similar plot for PIP4; the linear regression
line through the origin is close to the line of equality, showing that PIP
and the reference pressure are nearly equal on average; the scatter is
less than in A.

Validation, Test—Retest Reliability, and
Responsiveness to Change

The follow-up urodynamic data was used to validate the
new parameter PIP;. In this data set, the mean and standard
deviation of the reference isovolumetric pressure were
48 + 24 cmH,O, with a median value of 42 cmH,O. The mean
and standard deviation of PIP; were 46 & 14 cmH,O and the
median was 47 cmH,O.

In the follow-up data set, Spearman’s coefficient of correla-
tion p between PIP; and the reference isovolumetric pres-
sure was 0.37 (P < 0.05), and the mean difference between the
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Fig.4. Todetermine PIPthe pointrepresenting the pressure and flow
rate measured during uninterrupted voiding is projected back to the
axis with a line of slope —1 cmH,O/ml sec™". (Note that the value of
original PIP would be much larger.) For this void, the value of PIP is
about 60 cmH,0, and the void falls in the band of typical values
(unshaded). Values in the regions shaded gray would represent either
stronger (ST) or weaker (W) contractions than those typical of the
subjects in this group.

reference and estimated pressures was 3 cmH,O (95% CI —3
to 9 cmH,O; Wilcoxon signed ranks test P = 0.96). A linear
regression through the origin between the estimated and refer-
ence isovolumetric pressures showed a gradient of 1.01.

As a measure of test—retest reliability, the changes in PIP;
from baseline to follow-up were calculated for the subjects in
the placebo group. The mean difference between baseline and
follow-up values was 6 + 5 cmH,O (standard error; n = 18).
Thus PIP; showed no significant systematic change from base-
line to follow-up on placebo. The standard deviation of the dif-
ference (23 ¢cmH,0) indicates however that the random
variations in PIP; are about 16 cmH,O (:23/\/2). Spear-
mans coefficient of correlation between baseline and follow-
up values of PIP, was p = 0.52 (P = 0.03, n =18).

Responsiveness to change was tested by looking for a
decrease in PIP; after administration of oxybutynin, since
the isovolumetric detrusor pressure as measured by continu-
ous occlusion falls by approximately 4 cmH,O on this medi-
cation [Tan et al., 2003]. In the oxybutynin group, the mean
value of PIP; fell from 49 cmH,O at baseline to 47 cmH,O
post-intervention, but this change was not statistically signifi-
cant (P = 0.16).

Typical Values

In this group of older women with urge incontinence, 90%
of the baseline values of PIP, fell between 29 and 78 cmH,O.
Thus contractions with PIP; smaller than about 30 cmH,O

might be considered unusually weak, and those with PIP,
greater than about 75 cmH,O unusually strong. The region
between 30 and 75 cmH,O would then be typical for this
group, although it cannot be regarded as normal since the
group itself is not normal. The resulting nomogram, similar
to Schifer’s contractility nomogram for males, is shown in
Figure 4.

DISCUSSION

In this paper, we have investigated whether a simple calcu-
lation based on a standard pressure-flow voiding study can
replace a stop-test measurement of isovolumetric detrusor
pressure as an estimate of detrusor contraction strength.

We have shown that some methods currently in use to
deduce contraction strength from pressure-flow variables—
the Schifer nomogram, DECO, PIP, and BCI—are unsuitable
for this older female population, because they greatly overes-
timate the isovolumetric detrusor pressure. However, a simple
change of the assumed slope of the BOR, fromK =5t0 K =1
cmH,O/ml sec ', overcomes this problem and provides a rea-
sonable estimate of the isovolumetric pressure. The new con-
traction-strength parameter PIP; is obtained by adding
together the detrusor pressure at peak flow and the maximum
flow rate:

PIP1 = pdet.Qmax + Qmax

The test—retest reliability of PIP; is acceptable but not as
good as that of a direct stop test [Tan et al., 2003), so that for
example it is unable (in this group of subjects) to detect the
effect of oxybutynin, which causes a small but significant
decrease in isovolumetric detrusor pressure as measured by
continuous occlusion. Thus, if a stop test is considered too
cumbersome, PIP; may provide an adequate assessment of
detrusor contraction strength. For research purposes how-
ever, a mechanical stop test may be preferable.

A limitation of this study is that it pertains only to older
women with urge incontinence. In this group, the average
values of PIP; and the isovolumetric pressure are close to
50 cmH,0, and the typical range of PIP; is from approxi-
mately 30—75 cmH,O. According to Schifer’s nomogram for
males [Schifer, 1995] all such contractions would be weak or
VW, perhaps reflecting the fact that contraction strength
decreases with age [Van Mastrigt, 1992] or that female blad-
ders are less strong than male bladders. Certainly the refer-
ence values of isovolumetric pressure that we found in our
female population are lower than those reported for males
[Sullivan et al., 1995]. It is possible that the values are reduced
because of inhibition of the detrusor contraction by the bal-
loon, but one would expect this to happen in men also. More-
over, interruption of the stream per se does not inhibit the
contraction [McIntosh et al., 2003]. In any case, the above
range of values, and PIP; itself, may not be applicable to
younger women, and certainly not to men. If measurement
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of detrusor contraction strength is ever to take its proper place
in the clinical and research arsenal, then measurements simi-
lar to those in this paper will be required for other patient
groups, including normal individuals of various ages.

A further limitation is the assumption that the BOR is a
straight line independent of bladder volume. This is almost
certainly incorrect [Griffiths, 1991], although whether the
error is important in clinical practice remains to be tested. It
is possible that taking the curvature and volume dependence
of the BOR into account would improve test—retest reliability
and responsiveness to small changes of contraction strength.

Finally, we have confined our attention to the measurement
of detrusor contraction strength. We have not addressed the
second aspect of detrusor contractility: whether the contrac-
tion is adequately sustained. To assess global detrusor func-
tion, both aspects should be considered.

CONCLUSION

For elderly females with urge incontinence, the strength of
the voiding detrusor contraction can be estimated from a stan-
dard pressure-flow study. However, the methods developed
for men (the Schifer contractility nomogram and the para-
meters DECO, PIP, and BCI) greatly overestimate the
contraction strength. A new parameter PIP;, given by
Pdet.Qmax + Qmax» Where pressure is in cmH,O and Q in
ml/sec, provides a more reliable estimate. PIP; is easy to calcu-
late and may be adequate for clinical routine. For research,
however, a stop test or occlusion test still remains the most
reliable and responsive method of determining detrusor con-
traction strength.
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